Aim With an increasing prevalence of heart failure (HF), more patients with advanced disease have to be treated in cardiology units by sophisticated medical and interventional strategies. We therefore developed a dedicated advanced heart failure unit (AHFU) to target the specific needs of the many patients with advanced HF. We here present our concept and its impact on outcome in high-risk high-urgency (HU) heart transplant candidates.
Introduction
In Western industrialized countries, the prevalence of heart failure (HF) is continuously increasing. 1, 2 Recent surveys suggest that~1-2% of the adult population has HF, and the risk of developing HF for a 40-year-old person during the rest of its life is~40%. Meanwhile, HF is the most common diagnosis requiring in-hospital treatment in Germany and other European countries. 3 The reasons for these developments are multifactorial, including an aging population and continuously improving therapeutic options for treatment of acute myocardial infarction or HF with patients surviving acute critical illness. Despite substantial advancements in treatment options, HF remains as a progressive disease with significant morbidity and mortality. 4 Thus, in clinical care, advanced HF characterized by New York Heart Association (NYHA) III-IV or the Interagency Registry for Mechanically Assisted Circulatory Support (INTERMACS) 1-4 symptoms, 5 episodes of fluid retention, peripheral hypoperfusion, severely reduced cardiac function and exercise capacity, and recurrent hospitalizations demands an increased attention. 2 These patients are at risk for in-hospital death owing to therapy-refractory HF and often require medical or mechanical cardiac inotropic support or heart transplantation. 2 Patients with advanced HF are also characterized by a high prevalence of multiple co-morbidities. 2 HF and co-morbidities are mutually affecting outcome and limit therapeutic options, and thus, treatment becomes increasingly complex. While treatment of acute coronary syndromes was significantly advanced and improved by implementation of chest pain units (CPU) and coronary care units (CCUs), 6, 7 no specialized in-hospital care for patients with acute and advanced chronic HF is implemented in cardiologic departments across Europe.
Thus, optimization of in-hospital care of acute, chronic, and advanced HF remains an unmet need. We explored an established dedicated unit with a multidisciplinary team approach to optimize care of patients with acute HF, decompensated chronic HF, and in particular advanced forms of acute and chronic HF. We here present this novel concept of an advanced HF unit (AHFU) embedded in an academic hospital infrastructure and serving as the central co-ordinator for advanced and terminal HF patients in regional and overregional collaborations ( Figure 1 ). In addition, we give an example of our concept of intensified and integrated HF care on our AHFU in a retrospective approach. Therefore, we analysed the data from a cohort of high-risk patients undergoing heart transplantation from high-urgency (HU) status on our AHFU (AHFU cohort, 2012-15) and compared this cohort with a historical control group (pre-AHFU cohort, 2008-11) at our centre.
Materials and methods
In the Department of Internal Medicine III (Cardiology, Angiology and Pneumology) at the University Hospital Heidelberg, a new intermediate care unit focusing on optimized inhospital HF care was established in 2012. 8 Patients with acute and advanced chronic HF according to current definitions of the European Society of Cardiology (ESC) were preferably admitted to the AHFU. In daily routine, the AHFU acts as a specialized intermediate care ward for a heterogeneous group of patients with acute HF and patients with worsening of chronic HF. Patient selection criteria are not strictly defined and include (i) 'too sick for a regular ward', (ii) 'potential candidate for heart transplantation or ventricular assist device (VAD)', (iii) patients with unclear destination, and (iv) patients with cardiogenic shock but do not require respiratory support and others. These selection criteria result in a heterogeneous patient population ranging from aged to young patients, patients with a single cardiac disease, and patients with many co-morbidities including acute (or chronic) renal failure and different aetiologies of HF.
We here present the concept of our AHFU and analyse patient characteristics, referral pathways, aetiologies of HF, and treatment strategies for patients treated at the AHFU from 2012 to 2014. In addition, the patient population transplanted from HU status owing to terminal HF (2012-15) was used as an example to demonstrate the concept of intensified HF care on the AHFU cohort and compared with the HU cohort before establishment of the AHFU . Patients with, e.g. mechanical circulatory support, were not used for comparison between pre-AHFU and AHFU, because this patient group was very heterogeneous at the AHFU and many patients dependent from short-time or long-time mechanical circulatory support were rather treated at intensive care unit (ICU) or cardiothoracic surgery units. Further, technical improvements and gained experiences may explain improved outcomes in the AHFU period, making mechanical circulatory support a rather inferior measure for structural improvements related to AHFU.
Concept of AHFU Heidelberg
The concept of the AHFU Heidelberg is based on (i) a specially equipped ward, (ii) a unique team approach, (iii) a diagnostic Figure 1 Advanced heart failure unit (AHFU) is the central co-ordinator of diagnostic and therapeutic care for advanced and terminal heart failure (HF) patients. The AHFU is embedded in a network with external partners in private practice and cooperating primary, secondary, and tertiary hospitals. Within the University Hospital, a close collaboration with cardiac surgery and our HF outpatient clinic [including HF, cardiomyopathy (CMP), heart transplant (HTx), and ventricular assist device (VAD) outpatient care] was established. In case of terminal HF state without reasonable therapeutic option, palliative care is initiated.
The need for dedicated AHFUs to optimize HF care approach tailored to HF, and (iv) state-of-the-art HF therapies focusing on each patient's individual needs.
(i) The AHFU is located next to the cardiac ICU and CCU of our department and is equipped with eight treatment units ( Table 1) . Two treatment units are located within one patient room, and each patient room is equipped with a bathroom for convenience. The AHFU is designed as an intermediate care facility. Acute and intensive care options include noninvasive and invasive monitoring, non-invasive ventilation, and percutaneous cardiac support ( Table 1) . The monitors are connected to the wireless network and thus ensure preservation of patient's mobility. Physical training equipment (including several bicycle ergometers and lying bicycle ergometer) allow targeted exercise, when appropriate ( Table 1) .
(ii) Given the predominance of non-surgical treatment options, the AHFU is managed by the department of cardiology. Full expertise in implantation of permanent pacemakers, implantable cardioverter defibrillators (ICDs), and cardiac resynchronization therapy (CRT) devices is given, and the AHFU is able to initiate and maintain percutaneous cardiac and haemodynamic support including extracorporeal life support (ECLS) therapy. To allow this, the unit is served 24 h a day, 7 days a week by five residents in cardiology, one staff cardiologist specializing in medical and interventional HF care, and 10 intensive care nurses trained in HF care. In addition, a physiotherapist from the department of physical medicine supports the team to provide physical training beginning with admission to AHFU ( Table 2) . For each patient, 45 min of physiotherapy is integrated in the daily patient routine adapted to the patients' needs and clinical condition. Nevertheless, a close collaboration with cardiac surgery and complementary consultants on a daily basis as needed ensures a comprehensive patient-centred HF care ( Table 3) . Grown-ups with congenital heart disease and HF are treated interdisciplinary together with paediatric cardiology. Nephrology is involved in cardio-renal syndrome and haematology regarding patients with cardiac amyloidosis. In patients with suspected malnutrition, food intake is registered and nutritional medicine involved regarding supplementation. As patients with chronic HF can develop reactive depression, the psychosomatics department is consulted for psychotherapy or initiation of antidepressants. At our weekly heart transplant meeting with cardiac surgery and appropriate consultants, cases are discussed in detail in an interdisciplinary approach.
(iii) The standard diagnostic approach includes patients' basic history, physical examination, 12-lead electrocardiogram, chest X-ray, echocardiography (transthoracic and transoesophageal if necessary), cardiac catheterization (including invasive haemodynamics and endomyocardial biopsy), cardiac magnetic resonance imaging, and genetic testing, when appropriate. Regular measurements of body weight, fluid balances, central venous oxygen saturation, and arterial pressure guide daily therapeutic decisions. If appropriate, each treatment unit allows continuous invasive haemodynamic assessment via Swan-Ganz catheter measurements. A multitude of further diagnostic facilities are provided within the infrastructure of the University Hospital.
(iv) Identifying and treating the cause of HF and understanding haemodynamics and the severity and systemic effects are of utmost importance to our approach. Our therapeutic algorithm covers acute and chronic HF ( Figure 2 ). For acute HF conditions, conservative options including intravenous diuretics, inotropes, vasopressors, or vasodilators are used according to ESC guidelines. 2 For HF conditions refractory to conservative treatment, percutaneous cardiac support options are available 24/7, including intra-aortic balloon pump, TandemHeart (CardiacAssist Inc., Pittsburgh, PA, USA), and a miniaturized ECLS system (Cardiohelp, Maquet, Rastatt, Baden-Württemberg, Germany). For patients with cardio-renal syndrome refractory to medical treatment, ultrafiltration and haemodialysis are offered.
For chronic HF conditions, optimized medical treatment is established according to ESC guidelines. 2 Cardiac resynchronization and implantable defibrillator therapy devices are implanted when appropriate. For severe functional mitral regurgitation in patients with HF and high surgical risk, we offer a minimally invasive endovascular reconstruction of the mitral valve with the MitraClip system. 9, 10 Patients with advanced chronic HF refractory to these therapeutic interventions are prepared for heart transplantation or permanent mechanical circulatory support. Both left and biventricular VAD systems are offered in cooperation with our department of cardiac surgery, and a VAD technician is responsible for technical support post-implantation. The systems are used for bridge to transplant and bridge to candidacy or as destination therapy. When appropriate, patients are prepared for heart transplantation. In case the prerequisites for HU status are fulfilled, accepted, and confirmed during the Eurotransplant audit process, the patient is stabilized and optimized in the AHFU until heart transplant.
AHFU Heidelberg as the central regional and over-regional co-ordinator for advanced and terminal heart failure patients
The AHFU Heidelberg is embedded in a close network, thus centrally co-ordinating care for advanced and terminal HF patients ( Figure 1) . Physicians in private practice and primary, secondary, and tertiary care hospitals from regional and overregional distance refer patients. Patients are transferred to the AHFU for further diagnostics and establishment of the therapeutic strategy (Figure 2) , which includes pharmacological, interventional, electrophysiological, and surgical aspects. A close collaboration at the Heidelberg Heart Centre within the Department of Cardiology with our interventional HF team and cardiac electrophysiology and with the Department of Cardiac Surgery ensures optimal patient-tailored therapies. Post-stationary care is crucial and ensured by close liaison with our HF outpatient clinics (including HF, cardiomyopathy, heart transplant, and VAD outpatient care) and the cooperation with physicians in private practice and primary, secondary, and tertiary hospitals. In case of terminal HF state without reasonable options, palliative care can be established in cooperation with the palliative care team of our University Hospital. Thus, we have established the AHFU as central regional and over-regional co-ordinator for advanced and terminal HF patients. Weekly AHFU, advanced heart failure unit; CT, computed tomography; HF, heart failure; MRI, magnetic resonance imaging; VAD, ventricular assist device. Figure 2 Therapeutic algorithm of the advanced heart failure unit (AHFU) Heidelberg. HF heart failure, CRT cardiac resynchronization therapy, ICD implantable cardioverter defibrillator, LVAD/BIVAD left/ biventricular assist device, ICD implantable cardioverter defibrillator, CRT cardiac resynchronization therapy, MVR endovascular mitral valve repair, ECLS extracorporeal life support.
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Study population
To give a description of the AHFU patient population, we retrospectively analysed the data from all patients treated at the AHFU from 2012 to 2014 (n = 443) by chart review. A main focus in establishing the unit was an optimized pre-transplant care in HU heart transplant candidates. As such, we focused on heart transplant patients, which were transplanted on HU status in the time frame 2008-15 at our centre as an example population. The cohorts of patients undergoing heart transplantation on HU status before (pre-AHFU 2008-11) and after establishment of the AHFU (AHFU 2012-15) were studied and compared. Data acquired from the clinical routine were analysed retrospectively. The original data from the hospital archive were used for the present analysis. The investigation conforms with the principles outlined in the Declaration of Helsinki.
11,12

Risk stratification
To characterize both groups-pre-AHFU (2008-11) and AHFU (2012-15)-we applied a risk stratification model for HF and a risk index for heart transplantation. The Seattle Heart Failure Model (SHFM) was used to predict waiting list mortality, and the Index for Mortality Prediction After Cardiac Transplantation (IMPACT) model was employed to predict mortality after heart transplantation. Both models are well established and performed sufficiently in HU heart transplant patients. 13 Additional variables including age, sex, cardiac diagnoses, NYHA class, INTERMACS score, 5 left ventricular ejection fraction, cardiac index, co-morbidity (renal insufficiency defined as glomerular filtration rate < 60 mL/min, haemodialysis treatment, and diabetes mellitus) were assessed. The models and variables were assessed at the time point of first HU application.
Endpoint
The primary endpoint of this analysis was one year survival post-HU heart transplantation related to pre-heart transplantation risk as assessed by SHFM and IMPACT scores.
Statistics
Data are expressed as mean ± standard error of the mean. As an exception, N-terminal pro-BNP (NT-pro-BNP) is given as median and inter-quartile range [Q1, Q4] owing to its non-normal distribution. For between group comparisons, a Mann-Whitney U-test was applied. The Kaplan-Meier method was employed for survival analysis, and differences of the two groups were analysed by the log-rank test.
Numbers at risk were compared by χ 2 test. A P-value < 0.05 was considered statistically significant. The authors had full access to the data and take responsibility for its integrity.
Results
Study cohorts
First, as a description of the AHFU patient population, all patients admitted to the AHFU between March 2012 and December 2014 (n = 443) were retrospectively analysed regarding referral pathways, reason for being admitted, aetiology of HF, and treatment strategy (Figure 3) . AHFU patients were at mean age of 58 ± 0.7 years, and 77% were male and had an ejection fraction of 25 ± 0.8%. Second, in a comparative approach, data from patients undergoing heart transplantation from HU status between January 2008 and February 2011 (n = 63; pre-AHFU cohort) and between March 2012 and December 2015 (n = 45; AHFU cohort) were analysed. Baseline characteristics of both HU cohorts are summarized in Table 4 . Patients in both groups are young for an HF population as there is an age limit for HU heart transplantation listing (65 years) in the Eurotransplant countries. All patients were Caucasian.
Heart failure aetiology
Dilated cardiomyopathy and ischaemic heart disease were the most frequent underlying causes of HF in our study groups ( Figure 3 , Table 4 ). As a characteristic of our centre, cardiac amyloidosis was present in a relatively frequent number recruited from a large amyloidosis centre integrated at University Hospital Heidelberg.
14 There were significantly more patients with cardiac amyloidosis in the AHFU cohort (P = 0.02). Rare causes of HF include congenital heart disease and others.
Morbidity and co-morbidities in the high-urgency groups
Cardiac function was comparable in both HU groups with regard to left ventricular ejection fraction and cardiac index. The median hospital stay was 92.9 ± 10.0 days for the pre-AHFU cohort and 97.4 ± 11.3 days for the AHFU cohort (P = 0.56). The waiting time on HU heart transplantation waiting list was 63.5 ± 7.0 days for the pre-AHFU cohort and 72.2 ± 7.1 days for the AHFU cohort (P = 0.2). However, patients in the AHFU group were more symptomatic as shown by significantly higher average NYHA class and lower INTERMACS score than were those in the pre-AHFU cohort 1112 M.M. Kreusser et al.
( Table 4 , Figure 4 ). Significant co-morbidity was present in our AHFU and pre-AHFU cohorts. Renal insufficiency, defined by a glomerular filtration rate of <60 mL/min, calculated by the Modification of Diet in Renal Disease formula, and haemodialysis as well as diabetes were more common in the AHFU cohort compared with the pre-AHFU cohort (Table 4) , indicating a more advanced HF in the AHFU cohort. With regard to renal insufficiency, the difference was significant (P = 0.048). No significant difference was noted regarding chronic obstructive pulmonary disease, hypertension, diabetes mellitus, and other co-morbidities ( Table 4) . NT-pro-BNP was slightly higher in the AHFU group albeit not significant. No difference was found between groups regarding ICD and CRT pre-treatment. Medical therapy regarding guideline-recommended HF therapy was not different regarding mineralocorticoid receptor antagonists and beta-blocker treatment ( Table 5) . Angiotensin-converting enzyme inhibitors and angiotensin receptor 1 blockers were more common in AHFU patients. In the AHFU group, diuretics use was more uncommon, possibly because of more patients being on dialysis due to renal failure. None of the patients in both groups were on percutaneous or implantable VADs. Nine of 45 in the AHFU group and 14 of 63 in the pre-AHFU group had to be transferred to the ICU owing to respiratory or circulatory failure (P = 0.82) but recovered and could be successfully transplanted.
Risk estimation and survival in the high-urgency groups
With the application of the SHFM model to predict HF mortality, no difference was found in the AHFU cohort compared with the pre-AHFU cohort (Table 4) . Interestingly, the well-established and validated IMPACT model to predict mortality after heart transplantation showed a significantly higher risk in the AHFU cohort vs. the pre-AHFU cohort (10.8 ± 1.3 vs. 4.8 ± 1.4 IMPACT points, P < 0.001) (Figure 4) . HF, heart failure; HTx, heart transplantation; NSTEMI, non-ST-segment elevation myocardial infarction; STEMI, ST-segment elevation myocardial infarction; VAD, ventricular assist device; PCI, percutaneous coronary intervention; CAGB, coronary artery graft bypass; ICD, implantable cardioverter defibrillator; CRT, cardiac re-synchronization therapy.
We found a significantly higher risk for post-heart transplantation mortality at time of first HU application in the AHFU cohort vs. the pre-AHFU cohort (Table 4, Figure  4 ). Interestingly, survival was comparable in both cohorts despite significantly higher estimated risk in the AHFU cohort vs. the pre-AHFU cohort ( Figure 5) . Thus, an intensified care entirely tailored towards advanced HF results in comparable outcomes in a population with growing risk. This was also the case for patients prior heart transplantation: When we compared mortality of HU transplant candidates on the HU transplant list between pre-AHFU and AHFU, 24 of 71 patients died 2008-11 (pre-AHFU; 34%), whereas 24 of 66 (36%) patients died 2012-15 (AHFU; P = 0.85).
Discussion
To our best knowledge, we here describe for the first time a novel concept of a multidisciplinary and comprehensive AHFU embedded in an academic heart centre and aimed at integration of guideline-recommended pharmacological therapies and use of devices and monitoring to optimize in-hospital care for patients with advanced HF. We feel that our AHFU was highly accepted by local partners as well as by other cardiology departments in regional and over-regional distance, which may be reflected by more advanced HF patients in the AHFU cohort that were not only recruited by our own hospital but also transferred from other clinics. Our example cohort of HU heart transplant patients revealed that despite higher risk due to increased morbidity and co-morbidities in the AHFU cohort (2012-15) vs. the pre-AHFU cohort (2008-12), comparable survival until transplantation from HU status and comparable outcomes after heart transplantation were achieved most likely owing to intensified AHFU HF care.
Advanced heart failure unit in light of status quo of clinical cardiac care
Optimization of in-hospital HF care is an unmet need in Germany and other European countries. 2 Over the last 15 years, specialized clinical cardiac care units as CPUs, CCUs, and cardiac ICUs have been established in many centres. Advanced HF mortality and co-morbidities complicate therapeutic options. Thus, an HF patient needs a specialized approach by an experienced team, which is not covered by existing cardiac care facilities. The AHFU is entirely focused on optimized in-hospital care of advanced chronic HF. The diagnostic and therapeutic algorithm is tailored towards advanced HF patients, as well as staffing and equipment. An AHFU should therefore be complementing existing cardiac care facilities. Integration into the structural environment and care facilities surrounding the AHFU is critical for success, as rapid transfer to AHFU and potential referral to cooperating facilities (cardiac surgery) will ensure optimal care. Indeed, personnel and structural changes implemented in our AHFU impose increasing costs. However, HU heart transplant candidates comprise a very sick population, which needs an optimized setting. We have established the AHFU aimed at optimal care for this particular population.
Advanced heart failure unit in light of organ donor shortage
To quantify potential effects caused by improved patient care on AHFU, we aimed to find a homogenous patient population treated at our AHFU for a comparison between pre-AHFU and AHFU periods. We decided to measure outcomes in HU heart transplantation candidates, as the majority of these patients were treated at our AHFU, in contrast to, e.g. patients with mechanical circulatory support, who are often treated in ICU or cardiothoracic surgery units. Moreover, the outcome in latter patients may be rather determined by technical and surgical advances and gained experience with this rapidly developing technology in the last decade. However, cardiac transplantation remains the therapy of choice for many patients with advanced HF who are refractory to other therapeutic approaches. 2 International Society for Heart and Lung Transplantation (ISHLT) data indicate an international one year survival approximating 87% (www.ishlt.org). The Figure 5 Survival after high-urgency heart transplantation. (A) Survival and (B) numbers at risk, after high-urgency heart transplantation for the advanced heart failure unit (AHFU) group (2012 -15) and the pre-AHFU group (2008 -11) . Log-rank test (A). χ2 test (B). HTx heart transplantation.
The need for dedicated AHFUs to optimize HF care situation in Eurotransplant and especially in Germany is different owing to the special transplantation tiers including HU heart transplantation, derived by urgency and not transplant success. As such, the results in Germany are worse than the ISHLT data, as focusing solely on urgency indicates higher morbidity causing higher mortality. A continuous decrease in post-mortal organ donors and a simultaneously rising number of patients awaiting heart transplantation further challenge advanced HF care in Germany and the other Eurotransplant countries. 15 Currently, patients listed on HU status predominantly receive heart transplants. 15 Usually, patients on HU status are inotrope dependent, requiring intermediate care accommodation. According to Mancini et al., this patient population with an INTERMACS score of 3 or below has an exceptionally high mortality, 16 and thus non-invasive and invasive monitoring and therapeutic strategies of our AHFU are focused on optimized preparation of these patients for heart transplantation, including continuous provision of mechanical support options in case of deterioration. Advanced disease with significant morbidity and co-morbidity was seen in both cohorts. SHFM was not different between groups. However, SHFM was not established and validated in an advanced, end-stage HF population, and its performance in these HU heart transplant candidates is poor with a C-value of 0.63 as published by Smits et al. 13 With respect to INTERMACS level, there was a small but significant difference, and INTERMACS level was lower in the AHFU era. The AHFU cohort with an average IMPACT score of 10.8 ± 1.3 shows an exceptionally increased risk and higher expected mortality. For comparison, the average IMPACT score in the INTERMACS registry before VAD implantation was 5.1 ± 3.6. 17 Thus, both cohorts presented in our study comprise terminal HF patients at highest risk in need of intensified care. The increase in IMPACT score in the AHFU cohort compared with the pre-AHFU cohort is probably due to continuously increasing waiting times on the normal heart transplant waiting list and may also be due to a concentration of more severe, affected patients from a much larger radius. Overall, a comparable mortality in both groups despite higher risk in the AHFU cohort is noteworthy, albeit we emphasize that outcome of HU heart transplanted patients is potentially not the optimal measure. Although this comparison has many limitations (small number of patients, retrospective analysis, single centre), and other factors may account for these observations independent from AHFU, e.g. medical progress in general or improvements in post-operative care, our concept may stimulate others to further develop structural organizations and specialized care tailored for patients with advanced HF.
Conclusions
In Western industrialized countries, the prevalence of HF and resulting HF hospitalizations are continuously increasing. Specialized in-hospital treatment units for advanced chronic HF remain an unmet need. We established an AHFU entirely focused on patient-centred in-hospital HF care. Our AHFU concept includes a dedicated unit, an optimized diagnostic approach, and a therapeutic algorithm tailored to HF in combination with a team led by cardiologists and cooperating with complimentary consultants entirely dedicated to HF and embedded in an academic heart centre. We here report our first experience during the pilot years, which could inspire other HF centres to follow our innovative approach aimed at optimized in-hospital care for patients with advanced chronic HF.
